In Vitro Free Radical Scavenging And Antioxidant Activities of
Aqueous Extracts of Crateva adasonii(Three-Leaf Plant)

ABSTRACT

Aim: The aim of the study was to investigate the antioxidant activity of aqueous hot and cold extracts
prepared from the root, leave and stem bark of Crateva adasonii(Three-leaf plant ) an Eastern Nigerian
medicinal additive.

Study Design: This work was designed to compare the antioxidant activities of Ferric thiocyanate(FCT)
among various extracts of Crateva adansonii. These include; Hot root extract, cold root extract , hot leaf
extract, cold leaf extract, hot stem-bark extract and cold-stem bark extract at various duration. The study was
also designed to study the antioxidative activities, including thiobabituric acid (TBA) assay, diphenyl-B-picryl-
hydrazyl (DPPH) radical scavenging effects, and reducing power in vitro.

Place of Study and Duration of Study: This study took place at the Department of Biochemistry, Faculty of
Science, University of Maiduguri, Borno State Nigeria and the duration of study is eight weeks

Methodology: Spectrophotometric method was used in analyzing all the antioxidant parameters usind UV-
VIS spectrophotometer (model 725G, China) at room temperature. Hot and cold water were used for the
extraction.

Results: It was observed that the antioxidant activities using FTC assay increased as the peroxide
concentration decreased with time in all the extracts. The results show that the hot extracts inhibited lipid
peroxidation more than the cold extracts. The hot root extract has the highest reducing power (p<0.05)
among all the other extracts. The results were analyzed by one way ANOVA using SPSS statistical soft ware
version 16.

Conclusion: The extracts showed a positive DPPH test with the HLE, CRE, and CLE showing higher
percentage inhibitory capacity respectively.

The results demonstrate that the extracts from C. adasonii scavenge free radical, and reduce lipid
peroxidation and can serve as a potential source of natural antioxidants.
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1. INTRODUCTION

Free radicals and other reactive oxygen species (ROS) are generated in living cells through different
pathways [1]. Excess of ROS leads to oxidative stress, leading to oxidative DNA damage which is implicated
in the pathogenesis of many disorders [2, 3]. They are also considered to induce lipid peroxidation causing
food deterioration [4]. The search for natural antioxidants as alternatives is therefore of great interest among
researchers. This might provide leads for the development of new drugs, which may reduce the risk of
chronic diseases caused by free radicals [5]. The consumption of a diet rich in vegetables and fruits has
been associated with a number of health benefits including the protection of the human body from attack of
free radicals and retardation of the progress of many chronic diseases [6, 7]. This beneficial effect is taught
to be due at least partially to the action of antioxidant compounds in plants, which reduce oxidative damage
to the cells [8].

Crateva adansonii belongs to the family Capparaceae. It is a small tree that grows up to 3 - 10 m tall with 3-
foliated leaves. The plant has recently been reported to inhibit xanthine oxidase [9] while the aqueous leave
extract was reported to be safe on selected tissues of rats [10]. The plant has been claimed to have
antipyretic effect and are used to treat conditions such as skin infections, rheumatoid arthritis and insect
bites [10-12]. It has also been reported to have antimicrobial and antimutagenic activity [13, 14].

To classify a substance as an antioxidant, it is important to assess its interaction against a wide range of
species directly responsible for oxidative damage [15]. A screening of the antioxidative capacity should
include the determination of the ability of a putative antioxidant to scavenge radicals and ferryl species. The
present study was carried out to investigate the antioxidant efficacy of the agqueous extracts from the root,
leaf, and stem bark of Crateva adasonii including DPPH, FCT, reducing power and TBA assays using in vitro
models.

2. MATERIALS AND METHODS
2.1. Materials

All chemicals used were of analytical grade and were obtained from British Drug House (BDH) Limited,
through their sales representatives in Lagos State, Nigeria. The leaf, stem and roots of the plant were freshly
collected from Orlu town, Imo State, Nigeria. The plant material has been earlier authenticated by Mr. Ozioko
of Botany Department, University of Nigeria, Nsukka(UNN), Enugu State, Nigeria, were a habarium specimen
with identification number UNN/H/67 was deposited, in the work reported by [1].The leaves, roots and stem
bark were properly washed with distilled water and dried at room temperature. Forty grams of the leaves root
and stem bark were scrapped, weighed and pounded separately using mortar and pestle. The aqueous cold
extracts were prepared in 1.5 w/v distilled water while the hot extracts were prepared by boiling in distilled
water (1:5 w/v) for 30 min at 100 °C. Each of the extract was allowed to stand for 24 hours at room
temperature. The aqueous extracts were filtered and the filtrate used for analysis. This was an adaptation of
the traditional method of preparing the extract by the natives.
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2.2. Methods

2.2.1.In vitro antioxidant activity

2.2.1.1.Ferric thiocyanate (FTC) assay

The method of [16] with slight modification from [17] was adopted to determine the amount of peroxide at the
initial stage of lipid peroxidation. The peroxide reacts with ferrous chloride (Fecl2) to form a reddish ferric
chloride (FeClz) pigment. The concentration of peroxide decreases as the antioxidant activity increases.

Briefly, 4ml of sample (hot/cold), standard (ascorbic acid), and control (distilled water) were each dissolved in
4 mls of absolute ethanol and 4.1 ml of 2.25% oleic acid solution added. 8mls of 0.05 M phosphate buffer
was added and placed in an oven at 40 °C in the dark. To 0.1ml of these solutions, 9.7 ml of 75% ethanol
and 0.1 ml of 30% ammonium thiocyanate was added and allowed to stand for 30 min at room temperature
and 0.1 ml of 0.02M FeClsin 30% HCI added. The absorbance was read at 500 nm immediately and after 24
hours daily for 5 days at room temperature

2.2.1.2.Thiobarbituric acid (TBA) assay

Thiobarbituric acid (TBA) assay was determined according to the method of [19].The formation of
malondialdehyde is the basis for the TBA assay used in evaluating the extent of lipid peroxidation. At low pH
and high temperature (100 °C), malondialdehyde binds TBA to form red complex that can be measured at
532 nm [18]. The increase in the amount of red pigment formed correlated with the oxidative rancidity of the
lipid (18). Briefly, 1.0 ml of sample prepared in step 2 of the FTC procedure, 2ml of 20 % tricarboxylic acid
(TCA )was added. To the solution, 2 ml of 0.1 M TBA was added and incubated at 40 °C in the dark after
which the mixture was placed in boiling water for 10 min and the absorbance of the supernatant measured at
532 nm.

2.2.1.3.Reducing power

The reducing power of the aqueous extracts was determined according to the method of [19]. The extract
serves as electron donor that reacts with free radical to convert them to more stable products and terminates
radical chain. The extracts (2.5 ml) were mixed with phosphate buffer (5ml, 0.2 M, pH6.6) and potassium
ferricyanide [KsFe(CN)s] ( 2ml, 1%); the mixture was incubated at 50 °C for 20 min. A portion (2.5 ml) of
trichloroacetic acid (10%) was added to the mixture, which was then centrifuged at 300 rpm for 10 min. The
upper layer of solution (2.5 ml) was mixed with 2.5 ml distilled water and Fecls (0.5 ml, 0.1%). The protocol
was repeated for the standard (ascorbic acid) and control (distilled water). The absorbance was measured at
700 nm. Increased absorbance of the reaction mixture showed increased reducing power.

2.2.1.4.Scavenging effect on DPPH radical

The effect of extracts on DPPH radical was estimated according to the method of [19]. The extracts (30 pl)
were added to a methanol solution of DPPH (0.2M, 1 ml). The mixture was shaken and left to stand at room
temperature for 30 min and the absorbance of the resulting solution was measured spectrophotometrically at
517 nm.

2.2.1.5.Statistical analysis

All data were expressed as mean * standard deviation. Statistical significance of the difference was
analyzed through one way analysis of variance (ANOVA) by SPSS version 16 for windows. The least
significant difference was used to determine the difference between the test group and the control, and
P<0.05 was considered to be statistically significant.



3. RESULTS AND DISCUSSION
3.1. Results

The effects of various extracts on the peroxidation of oleic acid by the FTC assay are shown in Table 1. In
general the antioxidant activity of oleic acid was markedly inhibited by the extracts. The antioxidant activity of
the hot root and cold root extracts (HRE and CRE) increased as the peroxide concentration decreased with
time. From our results, the HRE showed stronger antioxidant activity (P<0.05) compared to the CRE. Also,
as shown in Table 1, the results of the hot leave and cold leave (HLE,CLE), and hot stem bark and cold stem
bark (HSBE, CSBE) extracts indicate that the antioxidant activity increased as the peroxide concentration
decreases. We observed no significant difference (P<0.05) between the hot and cold leave and stem bark
extracts although the hot extract showed higher activity.

The effects of the extracts on lipid peroxidation, reducing power and the scavenging of DPPH radical are
presented in Table 2. The TBA assay shows that the HRE possesses more activity relative to the CRE
(P<0.05) while both extracts produced significantly higher (P<0.05) activity compared with ascorbic acid. The
TBA assay for the HLE and HSBE showed that they have more activity compared to the CLE, CSBE, and
ascorbic acid which were not significant (P<0.05).

As shown in Table 2, the reducing power of the HRE was significantly higher than the CRE (P<0.05) and the
standard. The reducing power of the HLE was significantly higher (P<0.05) compared with the CLE while the
HSBE possessed a non significant (P<0.05) reducing potential compared with CSBE. The results showed
that the HRE has the highest reducing power capacity (P<0.05) among all the extracts and ascorbic acid.

The scavenging activity of DPPH radical was tested by reduction of the stable radical DPPH to the yellow
colored diphenylpicryl hydrazine. The experimental observations of the scavenging effects of the extracts
with DPPH radical are presented in Table 2. The in vitro analysis reveals that the HSBE and the CSBE
produced the least percentage inhibitory capacity while the HLE, CLE, and CRE produced the highest
percentage inhibitory capacity. A positive DPPH test suggests that the extract is a potential free radical
scavenger. However, the activity of the extracts were less when compared with the standard, ascorbic acid
(Table 2).

3.2. Discussion

Medicinal plants contain large amounts of antioxidants such as polyphenols that are known to have
significant antioxidant potentials associated with lower occurrence and lower mortality rates of several
human diseases [21]. There is an increasing interest in finding natural antioxidants from plants because they
can protect the human body from the attack of free radicals and retard the progress of many chronic
diseases|[6,7,15] as well as retarding lipid peroxidation and oxidative rancidity in foods.

Antioxidants exert their mode of action by suppressing the formation of reactive oxygen species either by
inhibition of enzymes or by chelating trace elements which are involved in free radical generation,
scavenging reactive species and augmenting the activity of antioxidant enzymes [22,23]. The antioxidant
activity by the use of ferric thiocyanate method measures the amount of peroxides produced at the initial
stage of lipid peroxidation which is indicated by a decrease in absorbance, indicating an increased level of
antioxidant activity [23]. Therefore, the antioxidant activity may be due to hydroperoxide inhibition, of free
radical or complex formation with metal ions or combinations [24]. The results in Table 1 show that the
extracts exhibited good antioxidant activity which might be attributed to the presence of flavonoid like
phytoconstituents.



Oxidative stress can lead to peroxidation of cellular lipids and can be measured by estimating the levels of
thiobarbituric acid-reactive substances. Lipid peroxidation has been thought of for a long time in the
biological system as a toxicological phenomenon, as it resulted in many pathological consequences [25].
Quantification of MDA, one of the products of lipid peroxidation, with TBA at low pH and high temperature
(100 °C), resulted in the formation of a red complex, which is measured at 532 nm. This is a most common
assay used for the determination of the rate of extent of lipid peroxidation and the concentration of lipid
peroxidation product which may reflect the degree of oxidative stress in any disorder [26, 27]. The extracts
inhibited the rate of lipid peroxidation by a reduction in the red color complex formed reflecting its anti-lipid
peroxidation potential. The MDA generated as a result of lipid peroxidation reacts with thiobabituric acid and
was found to be inhibited in the presence of the extracts.

The reducing ability of a compound is related to its electron transfer ability and may serve as a significant
indicator of its potential activity [28]. The presence of reductants in the extracts cause the reduction of Fe3* -
ferricyanide to the ferrous form which was monitored by measuring the formation of Perl’'s Prussian blue at
700 nm (15). Greater absorbance at 700 nm indicated greater reducing power. Table 2 depicts the reductive
capabilities of the extracts. The extracts demonstrated reducing power which was more pronounced with the
hot extracts. The extracts exerted antioxidant activity by breaking free radical chains and their hydrogen-
donating ability [29, 30]. The extracts might contain reductants, which could react with free radicals to
stabilize and terminate radical chain reaction [28].

The proton-radical scavenging action has been known as an important mechanism of antioxidation [15].
DPPH was used to determine the proton-radical scavenging action of the extracts because it possesses a
proton free radical and shows a characteristic absorption at 517 nm (31), but upon reduction with antioxidant,
its absorption decreases due to the formation of its nonadical form, DPPH-H (32). Therefore, the radical
scavenging capacity in the presence of a hydrogen donating antioxidant can be monitored as a decrease in
absorbance of DPPH solution [33]. The effects of antioxidants on DPPH are considered to be due to their
hydrogen donating ability [34]. Table 2 also shows the free radical scavenging capacity of the various
aqueous extracts. The leaf extracts showed the highest percentage inhibitory activity while the stem bark
extract possessed the least percentage DPPH inhibitory activity. The results indicated that the extracts
exhibited the ability to quench the DPPH radical, which showed that the extracts have proton-donating
capacity and could serve as free radical inhibitors or scavengers, acting possibly as primary antioxidants.

4. Conclusion

The results demonstrate that the extracts from Crateva adasonii have promising antioxidant effects. The
results therefore portray the potential medicinal value of the plant Crateva adasonii used in the traditional
system of medicine in Imo State Nigeria and demands further detailed studies of this plant in order to justify
its use in the traditional treatment of several diseases.

5. Further studies

In vivio studies should be directed towards the hepatoprotective and hepatoceurative potentials of Crateva
adansonii leaf extracts on Albino rats induced hepatotixicity using carbontetrachloride (CCL4) and the effect
of the extracts on serum antioxidant status of the affected rats.



Table 1. In vitro Ferric Thiocyanate (FCT) antioxidant

activities of the various

Crateva adasonii

extracts.
Time (days) 0 1 2 3 4 5
Standard (ascorbic | 0.827+ 0.487+ 0.397+ 0.312+ 0.199+ 0.083+
acid). 0.01 0.08 0.02 0.04 0.04 0.04
Control (water) 1.292+ 1.303+ 1.293+ 1.292+ 1.292+ 1.291+
0.03 0.05 0.03 0.04 0.04 0.05
HRE 0.970% 0.881+ 0.856% 0.701% 0.561+ 0.226+
0.05° 0.105° 0.01b 0.01b 0.02b 0.01b
CRE 0.956+ 0.473+% 0.374+% 0.401% 0.145+ 0.035+
0.05° 0.09° 0.01b 0.56° 0.01° 0.01b
HLE 0.250% 0.441+ 0.540+ 0.68+ 0.72+ 0.78%
0.04 0.13 0.04 0.03 0.02 0.04
CLE 0.390% 0.492+ 0.670% 0.76x 0.81% 0.83%
0.15 0.25 0.19 0.08 0.01 0.10
HSBE 1.004+ 0.637+ 0.593+ 0.349+ 0.266+ 0.145+
0.08 0.05 0.01 0.02 0.03 0.02
CSBE 0.817+ 0.692+ 0.623+ 0.404+ 0.313+ 0.296+
0.03 0.02 0.05 0.04 0.53 0.03

N = 6 for each group. Values are mean + SD of triplicate readings

. Values with superscripts in a

column are significant (p<0.05). CRE; b = HRE vs CRE; HRE: hot root extract, CRE: cold root extract,
HLE: hot leave extract, CLE: cold leave extract, HSBE: hot stem bark extract, CSBE: cold stem bark

extract.

Table 2. Effects of the extracts of Crateva adasonii on the lipid peroxidation, reducing power and
scavenging of DPPH radical.

Extracts TBA ( mg/dl) Reducing DPPH (% | DPPH
Power(% inhibition ) % inhibition
inhibition)

Standard 0.684+0.01 1.624+0.01 0.129+ 0.14 80.60

(ascorbic acid)

Control (water) 1.151+0.01 0.041+0.01 0.667+ 0.04 0.00

HRE 141.630+47.82a°b 15.007+3.14ab 0.382+ 0.45 42.72

CRE 132.090+38.13:2° 1.320+0.652° 0.126+ 0.20 81.11

HLE 1.04040.01 1.753+0.01¢ 0.118+ 0.01 82.30

CLE 0.826+0.03 0.580+0.02¢ 0.127+ 0.07 80.95

HSBE 0.619+0.03 1.136+0.01 0.532+0.04 39.20

CSBE 0.767+0.02 0.994+0.02 0.568+0.02 35.08

N = 6 for each group. Values are mean + SD of triplicate readings. Values with superscripts in a
column are significant (p<0.05). a = standard vs HRE, CRE; b = HRE vs CRE; ¢ = HLE vs CLE. HRE:
hot root extract, CRE: cold root extract, HLE: hot leave extract, CLE: cold leave extract, HSBE: hot
stem bark extract, CSBE: cold stem bark extract.
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